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1.0 SWMMARY

This report sumarizes the work done under Phase T of a proposed

, three phase program to engineer and demonstrate Tnflatable Vertical
‘ Float System" (Navy Contract N00019-67-C-0289)/" The results of this
\ study indicate that the design concept, as developed by the Martin

Marietta Corporation in conjunction with Uniroyal, Inc., represents a
feasible lightweight Inflatable Vertical Float Sya'tan. Phase II of the
nroposed program would consist of complete engineering of the design
for the HRV airplane, in cmjmctlm with Thurston Aireraft Corporation,
and the construction and demonstration testing of a single Inflatable
Vertical Float with representative systems. The Phase III effort would
onsist of outfitting the HRV airplane with the Inflatable Vertical
and performing full scale demonstration tests in open ocean
nts,

This proposed program will put to pr-actlcal demonstration the

_concept of seaplane open ocean ASW operation, (References—f-and—319rm

GThe HRV is an approximate 173 model Scale representation of the P5 sea-
plane, It is equipped with a hydrofoil and has satisfactorily demon-
strated take off and landing in seas three times the wave height permis-
sible with the basic hullg; « Then with the incorporation
of the Inflatable Verti Float System, the HRV will have open ocean
seakeeping capability and thus be a complete open ocean seaplane. The
overall float systen is shown i

-

<>fIm.tJ.a.lly, des:.gn goals were established and all were achieved
within the scope of the study., These were, a system weight of 400 1bs
or less, a 30 second retraction or extension cycle, capablhty to move
through the water at 6 knots, identical float construction and 51ze,
and mﬂatlon system capability for two deployment-retraction cyc;es. D)

<- "_S The Infla.table Vertical Float System is made up of a central

telescopn.ng column which supports an wam type flotation bag. local
intermediate ribs are prov:.ded to maintain the'cross sectional shape and
take any torsional loads. s can be seen in Figure 1 and the details
in Drawing No., 818172, The giv airplane with the Vertical Float System
is shown in the ove iguration drawing (No, 818171),

<\ Extension of the Inflatable Vertical Float System is aooanpl:.shed
by a single 2000 psig nitrogen storage bottle and asscciated pneumatic
system, Control is provided at the pilot station through two flow con-
trol valves which regulate wing and hull float inflation. The operating
pressure for the Inflatable Float System is & psig, -

The following sections discuss in detail the studies wh\:.'Emveg
conducted and their results as related to the design of the Inflatable
Vertical Float System,

|
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2.0  INTRODUCTION

The concept of a Vertical Float System to provide seakeeping cap-
ability to a seaplane has had extensive evaluation (References 1, 3
threuch 10) and testing. All the results show that significant wave
isolation is possible for the aircraft thus providing a usable ASW
mission platform, The Martin Marietta Corporation, with the assistance
of Uniroyal, Inc, and Thurston Aircraft Corporatiocn, therefore, proceeded
with the Phase I effort to develop and evaluate the Martin Marietta
Vertical Float concept. The Martin Marietta concept offers three prin-
ciple advantages over previcus concepts, These are: the need for
flooding the float system with sea water during the extension and re-
traction cycles is eliminated, thereby eliminating large heavy water
punmping equipment and the need for an air cooling or heat exchanger
system; the floats can be extended or retracted very quickly; and lastly,
it provides simplicity which inherently provides reliability. These
advantages are acconplished by separating the structural and flotation
functions.,

As is the case for many developed systems, the Inflatable Vertical
Float concept which was finally employed was the result of many inves-
tigations. During the early phases of engineering work, the fluid column
approach appeared to offer advantages and development and test work was
canpleted. Appendix A sumnarizes the fluid coiumn test results. Con-
sidering that the fluid column approach required large retraction equip-
ment, a new direction was taken and the present concept evolved, The
recommended approach basically separated the flotation and support func-
tions whereas the fluid column utilized a combined flotat:n.m—support

function,

The overall float system is illustrated in Figure l.l. This sketch
shows the system installed on the HRV airplane for ocean demonstrations.,
The system and float design was developed in such a manner as to provide
minimum modification to the airplane. From Figure 1,1,it can be noted
that dual floats are used for the forward and aft hull locations. This
was predicated by the ground rule that the amphibian characteristics be
maintained for the demonstration airplane.

After the aircraft has landed in the water and becames stationary,

the hull floats are rotated into the extension position by hvdraulic

power, After rotation,the floats are expanded utilizing air bottles in
the aircraft. The air flow will be ocontrolled at the pilot and/or co-
pilet station through the use of manual throttle valves, This will
allow adjustment during the 11ft1.ng cycle and final trim position if
necessary. The fully extended position is controlled by built-in stops
in the telescoping structural support member, With the aircraft in the
fully extended float position, ASW work may progress with but a minimal
water surface motion being transmitted to the aircraft platform, The
basic float sections, by virtue of their ccnstnxctim, will have inher-
ent damping qualities which are supplemented by additional damper plates
at the bottam of the float. For the retraction cycle, the bags are
vented through the control valves while the buoyant forces compress the
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floats until the aircyaft has settled in the water, Two negator springs
are utilized in each rloat to provide a positive force for final retrac-
tion when the buoyant forces approach a minimum value.

In order to provide the airplane with realistic operational cap-
ability,the follewing design goals weve established and incorporated into
the Vertical Float System:

(1) The total Vertical Float System shall not weight more
than 400 lbs,

(2) The time required to deploy and retract shall not exceed
30 seconds each, :

(3) The float system shall be capable of moving through
the water at & knots.,

(4) All floats will be identical in length and cross section.

(5) Air bottles stewed on board the aircraft may be used as
substitute power systems,

(6) The stowed air bottles shall have the capability to
provide any power load and two deployment and retraction
cycles.,

The complete program from the engineering to the actual demcnstration
is a three phase effort, The first being the study and design evaluation
of the float concept, the second phase consists of manufacturing a single
float and testing the system concept, and the third phase the engineering,
modification, installation and testing of the float system and HRV air-
plane.

The following sections discuss the results of the Phase [ evaluation
of the Martin Marietta Vertical Float ooncept., -
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3.0 DESIGN STUDIES

3,1 Design Criteria

In order that the Vertical Float concept could be demonstrated
on the HRV seaplane, the design criteria used reflected the practical
aspects of usable hardware. The HRV aircraft is an approximate 1/3 scale
model of the PSA seaplane., Requirements of the full scale seaplane in-
dicated the ability to perform ASH search in sea states up to sea state U,
The recommendations of Reference 1 state that for the PS5A aircraft; a
clearance of 6 feet would be sufficient. This was partially proven through
the open ocean tests of vertical flocat supported PBM=5 airplane, Then for
the third scale demonstration, a mininum keel clearance of 2 feet was used,
This would allow a random maximum wave height of 4 feet for the HRV air.-
plane,

It becomes quite conceivable that an aircraft on an ASI mission
must have the capability to move to various locations. To provide this
capability, the float concept was designed for a 6-knot speed through the
water, The aircraft will use its own power for maneuvering., Water speed
will be controlled by the pilot's ability to sense speed or trim attitude
or through the use of appropriate instmumentation., To provide adequate
strength in the primary structure, a factor of safety of 2.0 was used,
This would allew a speed margin of 41% or a 2,.5-knot tolerance.

The ability of any body to move through the water is dictated
by its drag characteristics which are a function of the cross sectional
shape and speed. In order to determine the best cross section to use for
the floats, a representative number of c¢ross section shapes was evaluated
for drag performance. The shapes considered are shown in Table 3,1 along
with their critical dimensions., These dimensions reflect the cross sece
tional area requirements of the HRV airplane, which are approximately 2
sq. ft.

TAELE 3,1
STRUT SECTIONS AND DIMENSIONS USED FOR DRAG STUDY

Shape Chord Thickness Nepth t/c Reynolds No,
Circle 1.6 ft. 1.6 ft. 4,9 ft, 1.0 1.23 x 106
Streamline 2.64 ft, 1.06 ft, 4,9 ft, o 2,03 x 108
Ellipse 2,54 ft, 1,02 ft, 4,9 ft, " 1,95 x 108
(2,5:1)

%%lil)ase 2.27 ft. 1.13 ft, 4,9 ft, .5 1.75 x 108
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Using the data of Reference 2, the total drag of the various
sections was derived, This drag was made up of the following camponents:
friction drag, wave drag, and interference drag, The latter component
is due to the use of dual floats at the forward and aft hull stations.
Skin friction coefficients were determined with Figure 3,1.1 for the re-
spective Reynolds number. The results of the drag study showed that both
the 40% thickness streamline and ellipse had the best drag characteristics,
Figure 3,1.2 shows the relative drag characteristics as a function of
thickness/chord ratio., As a result of the drag study, the 50% elliptical
shape was selected for the float cross section, A study was then com-
pieted to determine the strut drag as a function of speed., This is shaown
in Figure 3.,1.3.

The aircraft’s ability to move through the water, while the
floats are extended, will be a function of the float drag forces and the
available thrust. TFigure 3,.1.3 shows the anticipated drag force per float
as a function of speed. Considering the HRV configuration with extended
floats, it becomes apparent that a significant nose down pitching moment
will exist due to the engine thrust-drag load couple distance, This
pitching mement and resulting trim angle may be alleviated by using the
stabilizer. An estimate of the stabilizer's effectiveness in the engine
slip stream was made by Mr. D, Thurston for the HRV aircraft, With this
information; the curve of available stabilizer moment was derived., This
is siown in Figure 3.1.4, Having this information, a study was made to
determine the trim attitude of the HRV as a function of speed. This is
shown in Figure 3,1.5 for no stabilizer mcoment relief and with stabilizer
moment relief, Also shown is the bow impact angle., The 6-knot condi-
tion is attainable and,in addition, the p:.lot will be able to sense a
bow impact before the stnzctura.l capability is eiuceeded,

In order to meet the requirements of a 30-second retraction or
extension cycle and to accomplish this with an air pressure system, it
was necessary to ~sider a pressure source which had high internal pres-
sure. The float construction was configured in such a way as to maximize
its damping characteristics. In addition, this damping also minimizes the
aircraft response to a seaway,

During the evaluation of the float packages, every effort was

- made to keep the flight characteristics of the retracted float package

as clean as possible with a minimum of airplane configuration change.,

3.2 Confimuration

In principle,it is desirable to have the vertical floats as
deep in the water as possible to minimize the response of the aircraft
to water surface perturbations, However, hydrostatically, as the length
of the float increases,the water plane moment decreases which causes
hydrostatlc instability, Keeping this factor in mind, a preliminary float
sizing study was made selecting a range of cg height above the float
center of buoyancy and float span.
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The preliminary float sizing method was similar to the one
used in Reference 1. Basically, this derivation of float size deterrine
ation was based en an empirical apprvach derived from the Navy's require-
ment in SR 558, This spemﬁcatmn defines the required displacement of
tip floats. Relating this equation to a Vertical Float System yields the
following equation:

By = m".’;ﬁ [hsine+9ﬁ%g_lg_+.08\§'_\ﬂ‘]
whene!
Ap = Required float cross section (£t2)
W = Weight of the aircraft
£ = Float span
p = Density of sea water (64 1lb/cu ft)
8 = Angle of heel desired
S = Wing area (ft?)
h = Effective height of og above center of buoyancy
of float (ft)
b = Span

The first tern of this equation represents a neutral stability require-
ment, while the other terms define a wind under the wing and righting
maoment mar'gln. In using this equatlon for the pitch plane, the wind
under the wing term was dropped since it does not reflect a realistic
condit’on.

The basic design data and configuration fer the HRV airplane
are shown in Figure 3.2.1, Using this data,the required float diameter
was determined for h vaxrying from 4 to 12 féet and float s °pan varying
from 3 to 20 feet, The results are shown in Figures 3,Z,2 through
3.2,4, Figure 3.2.2 shows the required float diameter to maintain reutral
stability for a 14° heel angle, TFigures 3,2,3 and 3,2.4 show the re-
quired float area in the pitch and roll planes as per SR 59B, respectively,

The selected float dimensions were now evaluated as per the air-
craft configuration. Keeping in mind that minimum airplane modification
work be done and keeping the amphibian queslities, it was decided to use
four hull floats (two forward and two aft) and twe wing floats., Keeping
all the float dimensions equal to minimize float wsnstruction cost, the
pitch plane float selection was critical., Using this, the follwmg
float dimensions were selected:
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Hull Floats 12) = Area = 3,8 ft< Length = 4,72 ft,

Dy
F o,

B Wing Fioats « Avea = 1,9 ft2  length = 2,42 ft,

o This results in a buoyant force distribution of 74,5% of the weight on
g : the hull floats and 20.5% m the wing floats, In order to minimize the

L dreg for the water maneuver requirement, an elliptical cross sectional

shape with a 2:1 chord to thickness ratio wag used, This results in a
float cress section which 78 2,2 fout long and 1,1 foot wide. The generml
arrangement of the HRV aircreft with vertical fleoats is shown on drawing
318171, The resulting float span for the wing was 24 feet while the hull
float longitudinal span was 4,5 feet, The wing and forward hull float
span was predicated by aircraft strucvweal provisions. Float centerline
locations were kept as symmnetrical as possible with the existing HRV cg
location in order to minimize any fore-aft shift,

# s reg

-

iy
ESEE

b et
=3

e 5

Using these values, a sumary of the HRV Vertical Float System

,‘_ practical dimensions follows:
I Hull Wing
Float Float
r load Distribution ' 73.5% 20,5%
s Lisplacement - 1b 1193 (2) 307
Fioat Dimension (Ellip, Axis) 2,2 x 1,1'  2.2' x 1,1
‘ i Float Area 3.8 ££2 (2) 1,9 £ft2
¥ HeA Submerszed Length ¥,72 ft, 2,42 ft,
. Total Length 7.7 ft. 7.7 ft,
a"g' Semi Span (from cg) 7.3 ft. 12 ft,
L Initially, it was hcped that the HRV airplane with the Vertical
- Float System would represent a scale version of the P5A airplane as re~
g‘; ported in Reference 1. The major difference occurs in the percentage of
o weight displaced by the hull and wing floats., The P5A uses a 70%-30%

split between hull and wing while the HRV is close to a 80%-20% retio,
A study was made to determine sensitivity of the support ratio to float
cross sectional area for the HRV airplane, The results are shown in
Figure 3.2,5., It becomes apparent that for the HRV airplane it would be
 impractical to use the 70%-30% ratic used in the P5A airplane, The only
way to change the buoyant displacement ratio is to increase the float
spans, This would mean extensive additicnal rework for the HRV airplane
which from the study ground rules is undesirable,

z The resulting final selected f{loat system configuration will
give a reserve buovancy of 22% in pitch and 67% in roll, These are
considerably higher than those of the F5A aircraft, With the associated

i dowrward ghift of the aircraft cg due to the Vertical Float Cystem weight,
the reserve righting moment margin will increase still more thus provide
ing ample stability. This is a desirable direction in any test 1 pe

E program which seeks to prove a design concept,

;
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A final check on the float system.was made by determining the
metecentric height, This is sumnarized in Figure 3,2,6. Yor both the
roll and pitch axis,the metecentric height is positive,

3.3 Hydrodynamic Considerations

A great nurber of studies have been made evaluating the re-
spanse characteristics of various vehicles and float configurations in a
seaway (References 3 through 8). Since the primary goal of this study
was to prove the feasibility of the Martin Marietta Vertical Float design
concept, no formal hydrodynamic studies were made. Additionally, the
demonstration HRV airplane represents a 1/3 scale model of the P5A air-
craft. The P5A platform has had extensive model hydrodynamic testing
(References 1, 10 and 11), All of these indicated desirable hydrodynamic
features,

The major conclusion of all the studies and test results indi-
cate that the Vertical Float Systems must have damping devices incorporw
ated to minimize response. The studies conducted in both References 1
and 9 used a damping plate area to float cross section area ratio of 3,0,
The investigation of Reference 5 used a ratio of 5.0, The dampers which
are recommended for the HRV aircraft Vertical Float System, used a ratio
of 3.0, Considering the construction of the actual float bag, additional
inherent damping characteristics exist. The elliptical cross section has
a greater wetted area than a circular one the extension of the ribs
beyond the outer perimeter of the inflated shape will act as damping de-
vices, and the torus type inflated segment*s will impede continuous verti-
cal flow, As a result,it is felt that the scale test of the demonstration
HRV will have much more damping than its prototype P5A, :

3,4 Detaii Designm

This section discusses the studies made and results to prove
the feasibility of the Inflatable Vertical Float System. The studies made
did not seek to cptimize the total system weight, but rather to prove the
resulting system was workable within the established design weight goal,
For optimum airborne hardware,a price per pound of weight may be evaluated
and worthwhile savings might be realized, There are four basic components
" which camprise the proposed Inflatable Vertical float design concept,
These are the main telescoping support tube, the inflatable bag and metal
ribs, the extension/retraction mechanisms and the inflation system. The
following sections discuss these camponents in detail,

3.4,1 Telescow‘ Support Tube

A design evaluation of the telescoping support tube dic-
tated a full understanding of the complete vertical float load system,
Three essential structural elements make up the load transfer system.
These are the inflated bag, the support ribs, and the main tube. Figure
3,4,1-1 schematically indicates how the applied loads are reacted through
the structural system., Part (a) of 3,4,1-1 shows the inflated bag, Since
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the maximum water head pressure is 3,42 psi and the dynamic pressure due
to a 6-knot velocity is 1,40 psi (totaling 4,82 psi), an internal work-
ing pressure of 5 psi was selected, Thus,the bag fabric is kept always
in tension and the support column iocked in the extended position,

As is indicated in part (b) of Figure 3.4.1-1, the ribs serve
two essential functions. First, they provide the lateral strength to the
bag (maintain the cross sectional shape) and second, they transfer axial
and torsion loads to the support colum. The two end ribs, in addition
to performing rib functions, also act as pressure bulkheads and transmit
the net pressure force to the support colu . Then, as shown in part (c¢)
of Figure 3,4,l1-1, the support column carr. :s the net forces to the air-
craft,

A survey of the float load conditions showed that the most
critical conditien for structural design was the 6-Jnot condition. This
condition results in both maximum lateral and moment loadings for the
support tube, The relative attitudes of the float structure during load
conditions are shown in Figure 3.L.1-2, Aircraft drift conditions with
the associated wave surface load pertubations were also investigated but
did not exceed the load enviromment of the 6-knot condition,

Taking the critical loading conditicn, an iterative type solu=
tion was applied in order to determine the final tube moments, This is a
typical approach to laterally lcaded colum structure, The resulting
support tube shear and moment curves are shown in figure 3.4,1-3,

The structural design problem involved in a telescoping load
support member is to provide adequate strength and stability and yet have
structural elements which will not bind under load and deformations. The
design philosophy used is essentially as follows., While the support tube
is in the extended position, it must have maximum load carrying capability.
Therefore, in this position, the joint configuration tolerance is held to
a minimum, Since during retraction the critical design loads are signi-
ficantly less, the tube tolerances may be increased tc provide greater
freedom of motion,

The determination of required tube and joint thicknesses in-
volved the evaluation of numerous design parameters, The preliminary tube
configuration is shown in Figure 3,4,1-4 along with a typical joint cross
section, Taking the critical applied loads from Figure 3,4,1-3, the tube
thickness was determined for overell strength requirements. Using these
thicknesses, a step column analysis was performed tu determine the allow-
able column load. The results indicated that overall column stability was
not critical,

As far as local tube stability is concerned, the largest D/t
value is 21,3 which is again not a structural design restraint. The
structural design of the joint to transfer moment was accomplished by
short coupling the moment over 2/3 the joint length, This assunes that
the pressure distribution is triangular, with a peak at the joint-tube
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ends, The equivalent triangular load was then applied to the tube as both
a point load and a circumferentially distributed load varying as a cosine
function over 90°, A visual representation of this may be seen in the
sketch on Figure 3,4.1-5, Generally,the thickness required equation takes
the following form (References 11-13),

; /
trop B 1/2

where
P = [Iguivalent load (1b)
o = Allowable stress (1b/in?)
cp = TFactor reflecting load take-out assumption
t = Thickness (in)

The variation of ¢ is shown in Figure 3,4,1-5 for a concentrated load
case and a distributed load case, From this figure,it is obvious that
for the concentrated load case,the required thickness is a function of
effective width only while in the distributed case, the thickness re-
quired is a function of both effective width and radius,

A typical variation of thickness required as a function of
moment, tube overlap, and tube diameter is shown in Figure 3,4,1=6, This
figure is based on the concentrated load case. In reality,this approach
tends to predict conservative structural requirements since there is no
path for a concentrated load input. Actually,the joint design problem
is one of compatibility between structural and mechanical deflection,
Since it was felt that a formal theoretical investigation could not be
justified during this study and in order to gain insight into the actual
hardware problems which might exist, a sample joint was made at company
expense, Figures 3.u4,1~8 and 3,4,1-9 show a picture of the model joint,

A graphical represantation of the selected tube and joint
thicknesses as compared to the required thickness is shown in Figure
3.4,1-7, Generally, it shows that the lower tube section is critical for
overall bending,and the joint thickness is determined by the uppermost
joint bending requirements. In order to minimize the production costs,

a constant thickness tube was selected along with a constant thickness
joint, The tube diameter variation is a function of joint thickness.

It appears apparent that significant weight reduction could be accomplish-
ed; however, the requirement of the tubes sliding within one ancther
dictates that the only way in which additional thickness could be removed
is by machining or chem-milling pockets into the tubes to approximate

the tapering design requirements, This is too costly and is not recom-
mended,
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The elliptical cross section which is used for the
fleat is doubly symmetric which under zero degree angle of attack will
have its load center at the 50% chord point with no resulting torque.
Under angle of attack conditions, however, the load center could move
slightly forward (40%) and result in torque loads. These torque loads
are transmitted through the tube sections by virtue of the joint key.
The individuai ribs transmit local torque to the tube through the full
length tube sliot and rib finger,

The ribs were sized by considering them as elliptical
fremes loaded periferially and reacting loads at the tube, Only the
ribs which are located at tube junctions are fixed to the tube in all
directions, The intermediate ribs are "floating" by virtue of the rib
tube and rib finger-rib slot tolerances., Under load, the ribs will
"bottom" out and transmit leoad into the tube,

The entire structural support system analysis consider-
ed that the inflatable bag would take no applied loads, Actually, the
bag will have inherent bending and torsional stiffness. The load ability
will nevertheless represent a second order effect,

3.4,2 TFlotation Bag Test Unit

The design concept developed for construction of the
flotation module assumes that the module assembly will be restricted
in vertical movement, so that the aluminum formers will be constrained
from exceeding the maximum used in design of the module.

In the current design for the flctation module, this
maximun separation was established at 4,C inches, The flexible portimn
of the module was then designed to conform to a radius of 2,0 inches
when fullv inflated.

Transfer ¢f the stress from the flexible inflated fabric
to the rigid aluminum formers is accamplished through an adhesive bond
developed between the fabric and th~ aluminum former,

Deaim Parameters

1, Operating Pressure, 10 psi
2, Design Pressure, 50 psi (min.,)
3, Former Spacing, 4,0 inches
4, Module Radius, 2.0 inches
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Stress Analysis

é‘ The applied stress in a typical section taken through the flexible
' module wall is shown in Figure 3.4,2,1.

< iﬁ’j\?

/.—“' [ —

Figure 3.4%.2,1

A practical approximation of the wall stresses developed during pres-
surization is determined as follows:

Pr = 50(2) = 100 lbs/inch

sg =
eg = s = 100 x 100 = 19,5%
iz
€y T epr = 0,195(2.0) x 100 = 0,56%
o 70
re 84 ° eaE = 0,0056(512) = 2.9 1bs/inch

where:

s, = Circumferential stress, lbs/inch

P = DPressure psi
é\ v = Radius, inches
e; = Circunferential elongation in wall, percent

E = Modulus of coated fabric
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e, = Axial elongation in wall, percent
Co = External perimeter of module wall, inches
s, = Average axial stress, lbs/inch

The results of this approximation show that the major stress occurs
in the circumferential or girth direction. Therefore, the design par-
ameters to be met in the flexible wall structure follow.

1. Minimum wall girth strength in u5° filament bias
fabric - 100 lbs/inch

2, Minimun shear adhesion of 45° filament bias fabrie
to aluminun former - 100 lbs/inch

This adhesion level is required in order to permit developing the 100 1bs/
inch stress in the flexible wall,

Construction

Fabric. Uniroyal coated fabric 5200 was chosen as the material to be
used In the construction of the four module flotation unit shown in Figure
3,4.2,2, This is a 2 oz nylon fabric with equal strength in both warp and
fill, coated with a NBR elastomer., The coated weight is 0,045 lbs/sq ft.
This coated fabric is essentially leak tight} however, in order to avoid
the possibility of developing or incorporating a pin hole defect, it is
used as a two-ply construction, This two-ply 45° bias construction has
a demonstrated minimun strength of 128 1lbs/inch of width and, therefore,
meets the minimunm fabric strength requirement,

Adhesion System, A critical parameter for the successful performance
of the inflated .%Etation module is maintaining adequate bonding of the
5200 fabric material with the restraining aluminum former. A Uniroyal
proprietary metal preparation process was used to prepare the Alclad
aluminum series proposed for construction of the formers which ineluded
the following:

Alclad - 20240
Aleclad - 6061-T6
Alclad - 2024-T3

The prepared metals tere then treated for adhesion using a Uniroyal pro~
prietary system involving the use of Ty Ply BN, Referring to Figure
3.4,2,2, the 0,010" layer of 3010 NBR elastomer was then bonded to the
aluminum fonner, using heat and pressure. Fach former was visually in-
spected for cintinuity of adhesion, Test samples duplicating this adhe-
sion system indicated a shear strength of 194 1bs/inch width of seam when
the sample had a 1,0-inch minimum adhered length, This system, therefore,
met design requirements,
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Adhesion of the 5200 coated fabric to the bonded 301C was achieved
using Uniroyal adhesive 3242, Test samples prepared with this adhesive
system showed a shear strength of 104 lbs per inch width when the sample
had a minimun adhered length of 1,0 inch, This shear strength would be
increased approximately linearily up to 1.5 inches. This adhesive system
also met minimum requivements.

Fabrication of Test Modules

Single Module Test Unit. A single test unit was prepared to verify
the construction to be used in fabricating the four module test unit,
Figures 3,4.,2.5 and 3.4,2.6 show the overall single cell unit, The fab-
rication process discussed for the four module unit was followed in its
entirety,

The primary cbjectives for constructing this single unit covered
the following:

a. Verify inflated shape of module,
b, Verify minimum burst strength,
o, Observe collapsability of module,

Pressurization Test - Single Module. The module was inflated with
air to 5 psi and the surface soap tested. No leaks were found., The
module shape conformed satisfactorily to the anticipatad design shape.

The test unit was then collapsed to observe ability to nest. A very
normal pattern of collapse was cbserved indicating no design change re-
quired to favor module nesting during collapse.,

The test unit was then held at 10 psi for 24 hours with no observed
change in module properties,

In a final pressurization to failure test, the module was pressur-
ized with water to 60 psiy at which time the restraining test jig failed
and the test was terminated, However, the module had not failed at this
pressure, Figure 3,4,2,5 shows the overall single module test specimen,

The performance of the single module test unit confirmed the adequacy
of the design proposed for the four module test unit,

Fabrication of the Four Module Test Unit

The four module test unit is shown in general design in Figure
3.4,2,2, Details of construction are shown in Figure 3,4.2.3 and Figure
3.4,2,U4,

The detail of preparing the aluminum former for attachment to the
flexible wall structure is shown in Figure 3,4.2,3, The fabrication
technique used was discussed under the section on adhesion and will not
be repeated here, An important attribute of this method of construction
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is that each former may be critically examined for quality of adhesive
bond to the former, with the option of rejection of defective parts,
This insures that there will e no exposure to adhesion failure in a
full scale model involving 20 to 30 assembled modules.

The prepared aluminum formers are then adhered to the tlexible wall
structure shown in detail in Figure 3.4,2.u4.

The basic module is construsted on a soak out mandrel conforming
with the inflated shape of the module shown as (1), The 5200 coated
fabric material is then fabricated into the wall structure as indicated
in Figure 3.4,2.,4, Adhesive 3200 is used to adhere the various fabric
layers, A 0,010" NBR gum tape 5137 is used to seal the respective edges
of the 5200 fabric shown as (6),

Review of Figure 3.4,2.4 shows that four lavers of 5200 fabric are
involved at the aluminum former extending out approximately 1.5 to 2,0"
from the former, This added thickness should serve to minimize possible
damage to the fabric by the metal former, The two ply of fabric shown
at the ouver periphery of the module has adequate strength,but because
of its thinner wall section serves to facilitate "cupplng" of the module
for good nesting during collapse for final packaging. Figures 3,4,2,7
and 3.,4,2,8 show the final fabricated four module units.

Proof Testing of Four Module Test Unit

The four module test unit was pressurized to 5 psi with aip and soap
tested. No leaks were observed,

The test unit was then inflated with air to 10 psi for 24 hours., No
structural change was observed in the test module upon completion of this
test, The test unit was collapsed for packaging., The collapsed configur-
ation is shown in Figure 3,4,2.2. Measurements made on the collapsed
unit were as follows:

(a) Thickness of four collapsed modules through the metal
formers including the two teminal formers each 0.25"
thick was 1,5 inches.

(b) Thickness of the four collapsed modiules at outer pemphe.x'y
of flexible wall 3.1 inches, This thickness dimension in=-
cludes the cupping of the first module which in itself was
2@0 inChES.

General Cumment

The four module test unit was fabricated of NBR coated 2 oz nylon
fabric. The NBR fabric was used as an expedient because it was avail-
able &8 a production item at Uniroyal, This material is fmcmmlly
sat:.sfactory for test evaluation purposes. The NBR cwvating is deficient
in outdoor aging properties when compsred with the preferred Neoprene or
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Paracril 0Z0 coatings. Therefore, a similar system of adhesion for a
Neoprene or Paracril 0Z0 coated fabric will be demonstrated should the
better aging material be selected for construction of the initial pro-

duction module assembly,

The actual fabricated and tested four module unit described in
this report is scmewhat heavier in weight than required due to an over-
sight during fabrication of not trimming the first flexible wall fabric
to the peripheral dimensicns shown in Figure 3,4,2.4, Therefore, an
excess of 2.0 oz is included in this test unit, This material is un-
bonded in the area to be cut out and therefore Jdoes not alter the seam-

bond efficiency.

3.4,3 TFloat Actuation System

Since a high pressure air system inherently actuates
very quickly, an all-pneumatic system was selected to meet the design
goal of extending the float system in 30 seconds, Having decided to use
a gas system, the problem of providing the stored energy must be considerw
ed. Two approaches seemed feasible to cbtain the compressed gas, First,
atmospheric air could be compressed by an engine driven compressor and
then dried and stored in an air tank. This approach would be heavy and
result in a complex system to insure dry air. As a result, it was felt

" that a precharged gas bottle system would be simpler aml more reliable.
To circumvent the moisture problem (nozzle exit temp, =-15°F), a nitrogen
gas system was selected., A schematic diagram of this system is shown in
Figure 3,4,3-1, If air were substituted for the nitrogen gas, a drier
would have to be incorporated into the system.

A brief study was made to ascertain the storage volime
- requirements as a function of storage pressure, The basic float system
requires 75 cu ft at 5 psig for an ~xtension cyecle, This is equivalent
to 101 SCF, Tigure 3.4,3-2 shows the re ati. nship between storage pres-
sure and volume along with a storage vessel diameter, Three system pres-
sures were evaluated zssuming a 3/16" diameter tube and a choked flow
orifice, The assu.: .on of choked flow erables one to neglect any back
pressure effects, FEach sys?’ — was sized to meet the volume and time
requirements for single and double c¢ycle operation, The pertinent i -
sults of this study are sumarized in Table 3.4,3=1,

Tible 3,4,3-1

T e - s e

I Storage Bottle Time
| Press Cycles Dia, (Prel) No, Bottles
[ 1000 psi Single 1.46 ft, 39 sec, 2
t Double 1.80 ft, 15, 63 sec, 1
| [ 2000 psi Single 1,15 ft. 22 sec. 2
}
E 3000 psi Single 1.04 ft. 17 sec. 2
i Double 1.28 ft. 6, 18 sec, 1
Y
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The above numberx are based on no leakage and no contingency, Consider-
ing the time element and volume requirements, the 1000 psig system was
dropped from consideration. As expected,the 3000 psig system is the
smallest and fastest acting., However, according to the data in Reference
14, the 3000 psig bottles have limited availsbility, Therefore, the 2000
psig system was selected from the inflation system,

As previously mentioned, 101 SCF are required per infla-
tion cycle., At 70°F, the nitrogen gas weighs ,00735 1b/ft3 or a total of
7.42 1lbs per cycle, In reality, the system will have inherent leakage.
To compensate for this a contingency of 30% by weight was designed into
the system. The required weight then is 9,5 lbs of nitrogen per infla-
ticn, A single and dual cycle nitrogen system was designed. Typical re~
sults of pressure and weight available as a function of time are shown
in Figure 3.4,3-3 for the single cycle and Figure 3.4,3-4 for the dual
eyele, For the proposed single cycle system, the time required for full
inflation is about 21 seconds, The double cycle system will inflate the
floats fully in 10 seconds for the first cycle and then requires 32
seconds for the second inflation, Both systems meet the required design
goal of 30 secords,

The recommended pneumatic system for the HRV aireraft will
be a 2000-psig single nitrogen storage bottle, This will represent the
most reliable and lightest weight system. The selection of a 2000-psig
system was predicated on having maximum recharge availability. To insure
that the fioats will reach a final retracted position, a mechanical re-
traction force was provided. The simplest way to accomplish this was
through the use of negator springs (constant force) mounted intermally,

A value of 80 1lbs per float was selected. This then allows approximately
40 1lbs to act as a locking type load for getting the floats to their final
retracted position,

The system operational sequence is as follows (Reference
Figure 3.,4,3~1), After the aircraft has been landed and brought to rest
on the water surface, the hull floats are rotated into the extension
position, The two-position-selector valve is placed on the extend position.
Next step is to place the three-position-selector valve on the wing posi-
tion. With the wing flow control level, the wing floats are allowed to
extend into a positicn which equals the hull float position,

After the wing floats have been positioned, the three-
position-selector lever is placed on the both position. Now with one hand
on the wing flow control valve and the other on the hull flow control valve,
the floats are extended. Any unusual motion of the wircraft will be sensed
by the operator and corrected through the appropriate flow control, A full
down indicator will then be actuated completing the extension.

For retracting the floats, the two-position-selector lever
is placed on the retract position. This will allow the system to vent to
the atmosrhere., The three-position-sesctor level will still be on the
both position, Now both flow control valves will be opened and the pressure
will vent. In addition to the pressure venting action, two forty 1b negator
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springs per ricat help to bring the system back into the final retracted
position, Once the floats have been retracted, the hull floats are ro-
tated into the flight position and the aircraft is prepared to take off.

il 3.4.4 Veight Summary

T An evaluation of the Vertical Float System was made to

I assess the weight. The present design was based on keeping the manufac-
turing osts to a minimum. This approach will always yield a heavier

. system, In order to indicate what might be accomplished by a weight re-

duction effort, a colum of potential weights is shown, Table 3.b4,U4-1

o sumarizes the present and potential weight breakdown,

- Table 3.4,u4~1

: WEIGHT SUMMARY

” Item Demonstration System Potential System
Float Weight

i Support Tube 22,1 17,6

Intermediate Ribs 15.3 13.4

- End Ribs 1.5 1.4

Uniroyal Bag 3,2 3.2

. Damping Plate Ue7 3.8

i Hull Fittings 1.8 1.7

i  Total per Float 48,6 41,1

2 Total for 6 Floats 291.6 246,6

System Weight‘

Storage Bottle® 60
Tubing 5
Pneumatic Components 5
Sub~system Total 362,0 295,1

HRV Modifications

Structural .,
Mechanical } 36,0 31.0

l TOTAL 397.0 326.1

*Reference Figure 3,4,u4=1
**Tgtimated

-
The total system weight is within the established design goal.
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4,0 ATIRCRAFT MODIFICATION

The incorporation of the Vertical Float System on the HRV aircraft
will create condition for which the airplane was not designed. Since the
float stations were located at anticipated structural hard points, the
overall structural strength requirements shouid not change significantly.,

In this phase of the contract,only the general arrangement was established
as depicted on Drawing No, 818171, However, the Phase II or early Phase

ITI engineering effort must evaluate in detail the influence of the Vertical
Float Svstem lcads. The following paragraphs discuss some of the major
studies which must be campleted on the HRV airframe,

The most obvious study for structural integrity will be a ccmprehen-
sive evaluation of overall float-airplane loading conditions, Having
derived these, camparisons can be made of Vertical Float System loading
conditions with existing strength,

local structural problems will involve specialized design condition

or self-equilibrating load systems due to mechanical motion requirements.
For the Vertical Float System, the first categsory of local problems effects
both wing and hull floats, while only the hull floats will require rota-
tion into the retracted position, Both wind and hull fleats will exper-
ience take-off and landing water loads. These loads must have a primarv
path through the float structure, To acccmplish this,a positive locking
cdevice will be used, The wind float in its retracted position must vro-
vide structure to accomodate the wing float loads. Although engineering
intuition indicates that airloads will not provide anv critical structural
requirements, the airload conditions should be checked. The mechanical
tyve design considerations will be most severe for the hull floats (Refer-

ence Section A-A, Drawing No. 818171), Here, the problems of actuator
support stmcture, lock support structure, etc., must be designed along
with checking existing structire for any induced mechanical loads.

Compramise situations may occur where the HRV airplane could be re-
stricted to a given operational envelope in order to minimize structural
weizht penalties,

The installation of the inflation system should pose no severe pro-

- blems, In most cases,the access availability may create some special

considerations., With all the incorporated weight items, it may be neces-
sary to evaluate the HRV weight and balance effects on flight performance

oA s s Pt S e 1 s B VLIV VU NI N s e v . L1t b 1 M TN A IR AT -
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5.0 PROPOSED ZtaPAM FPOLLOW=ON

The proposed program will be accemplished as follows. Phase IT will
consist of initial engineering of the complete Inflatable Vertical Float
System for incorporation cn the HRV aircraft and a development test of
one float and associated systems, A detailed outline of the Phase II
effort may be found in Reference 20, Phase ITI will consist of final
engineering of the camplete float system, the incorporation of the com-
plete system on the HRV aircraft, and a demenstration test of the aircraft
and float system,

Phase II will carry the Inflatable Vertical Float concept through
the layout design stage for each float and all associated systems for
their deployment and stowage. Layout desisns will be accomplished to
define the necessary modifications to the HRV airplane for incorporation
of the float system, One full scale float assembly will be built and
+tested to hydrodvnamic loads while immersed in water at various angles
and depths, The test will demonstrate not only that the buoyancy forces
can be adequately supported without excessive distortion or deflection
of the flotation bag of the supporting telescoping column but also that
the float system can be repeatedly extended and retracted without bending
failure or excessive wear., The test specimen will be affixed to a struc-
tural steel fixture situated on an existing steel platform on the Martin
Marietta Corporation dock or on an open-well barge, See Figure 5.1,

Phase IIT will comprise final engineering incorporating changes re-
sultirg from the development testing of Phase II, the modification of the
HRV airplane, and demenstration testing of the airplane and float systems,
The modifications of the HRV airplane will consist of installing the six
float assemblies, two on the bow, two on the hull afterbody, and cne on
each wing, replacing the existing wing tip fleats., The installations will
include systems for deployment and stowage of the floats and alsc associated
cockpit control. All instrumentation and equipment required to document
the demonstratior testing will be installed. The demonstration will con-
sist of actual water landings, float deployment, retraction and stowage,
and airplane takeoffs., The tests will be done in smooth and rough water
to illustrate complete operational feasibility of the Vertical Float con-
cept,
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SUMMARY

A pin ended fluid coluwin assembly was tested under externally
applied axial loads.

The assembly included a reinforced rubber hose approximately four
inchee inside diameter clamped to aluminum allov end fittings, and filled
with water at various pressure levels, The overall length was about four
feet eight inches.,

The externally applied column loads were equal to about eighty-five
percent of the axial intermal pressure loads for incremental intemmal
pressures up to four hundred pounds per square inch, The maximum external
load was about forty-three hundred pounds without column failure,

At internal pressures above four hundred gounds per square inch,
slippage of the end fittings introduced considerable beam colum bending
so that the tests had to be discontinued, The failing strength of the
colum could not be determined,

The effective modulus of elasticity ¢f the reinforced rubber hose
was estimated from strain gage readings recorded during the tests., The
estimated value in the axial direction is one hundred fifty thousand
pounds per inch, This value is somewhat in question because of slippage
of the end fittings during the tests.

The weight of the reinforced hose was less than five pounds and
quite flexible when unpressurdized.

The installation is shown in photographs in the back of this revort.
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INTRODUCTION

The following test was conducted using a rubber fluid colum
assembly 56-3/16 inches long. The assanbly included a reinforced
rubber hose, 49,5 inches long with an 0,D, of 4,22 inches, manuface
tured by the U, S. Pubber Company., The reinforcement was manifest
by proprietary lengitudinal and circular winding patterns of plastic
strands, The resulting hose was flexible in a relawed condition. The
hose ends were secured to aluminum hardware with steel clamps, The
hardware was designed to form a fluid seal and machined to receive
fluid injection tubes and ball ends which were mated with socket blocks
when the assembly was mounted for test., An exploded view of the end
hardware is shown in photographs B-84317 and B-84318,

Three sets of strain gezges (one transverse and one longitudinal
per set) were attached to the hose 120° apart on a circumferential line
midway frem each end.,

Additicnal details per*inent to the assembly are shown below:

1. Total weight of rubber fluid colum with end hardware
attached but without kall ends -~ 23,5 lbs,

2. Weight of ball ends - 2,398 lbs, each (sockets not
included),

3, Weight of cne end fitting without ball end - 9,35 lbs,
4, Weight of hose alcne - 4,8 1lbs,

5. Length of hose - 49-1/2 inches,

6+ Circunference of hose ~ 13-1/4 inches,

7. 0OoD, of hose - 4,22 inches,

8, I.D, of hose - 3,97 inches.

9, Hose wall thiclness - 1/8 inches,

10, Overall length of column with ball ends attached prior
+o0 installation in the test machine - 56-3/16 inches.
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PROCEDURE

The hose assembly was filled with water, then installed vertically
in a 400,000 pound Baldwin-Lima~Hamilton Universal Testing Machine., A
socket block was provided to receive each ball end, The installation

is shown in photographs B-84265 and B-84266, A hydraulic pump and pres-
sure gage were connected to the assembly to provide the various levels
of internal pressure desired. The vertical load was applied by use of
the test machine, Appropriate instrumentation provided both transverse
and longitudinal strain readings,

Strain readings were taken at internal pressure increments of 100
psi up to 400 psi with vertical load increments of 200 pounds up to 200
psi and 250 pounds beyond 200 psi. The load limits were 1000, 2200, 3000
and 4300 pounds for internal pressure lvels of 100, 200, 300 and 400 psi

respectively,
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RESULTS

The longitudinal strain readings obtained at various internal
pressure levels and corresponding loads are tabulated in Table No. I.
Figures 1 through 4 show load-strain curves developed from the tabulated
data., Figures 5 and 6 show curves displaying the relationship of inter-
nal pressure and applied lcad respective to circumferential strain,

The initial misaligrment was estimated to be about one~quarter of
an inch, However, the pressure cycling caused slippage of the end
fittings that resulted in continuwous increase in misaligmment, The
bending induced by the increased misalignment limited the load carrying
capacity of the assembly to 4300 pounds, Had there been no increase
in misalignment it is believed the failing load would have been much
higher,
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DISCUSSION

Since same column bending was detected in the longitudinal directien,
it was necessary to sepamte the bending and axia® effects which, due to
the placement of the strain gages were recorded as one by the str-a:.n indi-
cator., This would then permit a deteymination of the modulus of elast:.czty
presumably exh:.blted by the column material, Toward this end, the strain
indicator readings in the long:.tudma.l direction were evaluated with sights
focused on an average elongation or compression which the hose might be
considered to experience without bending (i.,e., transforming the bending
load int® an equivalent axial load), between successive loads.

Exanple: Internal pressure at 100 psi

Load (1lbs) Strain (u in/in x 10)
Gge aL Ggge 1L Gge 2L
200 - 8 +30 +47
400 -1645 +18 +37,5

In view of the bending and the signs of the strair readings, it is
evident that the neutral axis passes through a plane such that gages 1L
and 2L are on one side and gage 3L is on the opposite side., Assuming
that the strain is linear around the cuter edges of the hose, there should
exist a strain midway between gages 1L and 2L of +38.5 u in/in x 10 in the
case of the 200 pound load and one of 427,8 y in/in x 10 in the case of the
400 pound load,

In view of the strain gage locations (120° apart on the same cross
section), these two strain readings are ed to be on the same diameter
with the respective strain readings of gage 3L, which maxkes the situation
analogous to the problem of a hollow cylinder being subjected to a pure
bending load at its midlength, except for the fact that the stresses on
the nose are not equal and opposite.

Consider a diameter through gage 3L for a 200 pound load. The strain
in/in an@ +28,5x¢10-5 in/in, If we
assune that a strain of +30,5x10-5 in/in reflects a difference in stretching
of one side owver the other, the stresses due to bending can be considered
equal and coposn.te and the strain is an indication of an elongation or corme
pression in the axlal direction. For a 400 pound load, the difference in
stretch of one side over the other is 27,8x10-5 in/in - 16,5x1N=5 in/in or
+11,3x10-5 in/in,

Consider the two successive axial strein indications for the two suc-
cessive loads, To determine the modulus of elast:.c:Lty, it is now necessary
to convert axial load to stress &nd plot it as a function of axial strein

and develop a curve, the slope of which is the modulus, The modulus E would
be,
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400~200 . 400=200
E = gtress = Area x 16° = . mD x 10°
m zSﬁus"z;Ing} 3Uog”IIo§
200
= 12,56 x 10° = ,83x10% 1bs/in

This is the modulus in the longitudinal direction in lbs/in,

Figure 5 represents the transverse strein reasctions at three points
on the same cross section, 120° apart, due to pressure variations within
the hose. The transverse strain gage is not affected bv bending loads.
Therefore the strain readings are considered representarive of a condition
of pure radial pressure. The modulus then can be read directly from the
internal pressure vs strain curve.

RETERENCE
ER 14230F, April 29, 1966, An Inflatable Vertical Float System,
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Table T

b
P LONGITUDINAL STRAIN READINGS
fgl'? L300 psi Intermal Pressure)
” Modulus
E Gage Readings (us measured by
- Load (in/in % 10=5) Diff. in A 1oad x 100 \
- (1bs) 3L 1L 2L Avg, . A Avg. Rdgs,)
b ' 200 -8 +30 +47 +30,5 Ex10°
19,2 0.5
r 400 =16,5  +18 +37.5 +11.3
! 19,8 10,0
o 600 «24 + 1y +27 - 8,5
- 5,0 40,0%
E ; 800 =32 -8 4165 - 3,5
‘s ' 21.0 9.6
1000 ~40 -21 +6 24,5
T Avg, 10,03
| {. E = ,795%105 1ib/in,
|
T
(200 psi Internal Pressure)
1 200 +50 +98 4108 +85,3
i, 14,0 14,3
400 +38 +78  + 98 +71,3 ‘
g - 12,3 16,3
; ] 600 +28 +62  + 87 +59,0
b 10,7 18.7
800 +19 +49 4+ 77 +48,3
o 10/3 19,4
i 1000 +19 +37  + 67 +38,0
9,3 21,5
- 1200 + 3 +26  + 57 +28,7
, 11,2 17,9
= 1400 -5 +15  + u8 +27,5
f 17.0 11,8
I? 1600 «12 +5 + 49 +10,5
s 8.5 2305*
1800 ~20 -6 4 32 +19,0
e 15,0 13,3
| 2000 =27 -15  + 25 + 4,0
L 13,0 15,4
Co, 2200 ~33 25 4+ 20 - 3,0
ol Avg. 16,51
: E = 1,32x105 1b/in,

bomd

*These data not utilized,
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i i Table T (contd) f
LONGITUDINAL STRAIN READINGS
g (300 psi Internal Pressure)
E Gage Readings (as measured by .
Load (in/in x 10-5) Diff, in 8 Load x 105 N
l (1bs) LTI Avg, Rdgs. 4 Ave, Rdgs.)
2000 + 7 +74 +110 +63,7
3.8 65, 7%
g 2250 -5 +52 + 93 +67.5
25,7 9,73
2500 -16 +3Y4 + 81,5 +41,8
22,8 10,95
2750 = w27 +20 + 72 +19
. 22,5 11,10
3000 -38,5 +6 + 6y - 3,5
; l Avg, 10,59 '
E = ,845%10° 1b/in, |
‘ ' (400 psi Internal Pressure)
l 3000 420 485 +130 +78,3
- +15,3 16,3.
3250 +8 +65 +116 +63,0
! + 8.5 29,.4%
3500 -5 +47 +106 +71.5
. +14,9 17.9
3750 -17 +32 + 97 +57,5
l +32.5 T7%
1000 -30 +21 + 89 +25,0
+19,0 13,2
& I 4250 -42 +14 + 82 + 6,0
g © N
: E = 1,26x105 1b/in.,
El
gm *These data not utilized,
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